PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 05-155602 
(43)Date of publication of application : 22.06.1993 



(51)lnt.CI. 



C01B 3/38 
B01J 8/02 



(21)Application number : 03-350278 



(22)Date of filing : 



09.12.1991 



(71 Applicant : SEKIYU SANGYO KASSEIKA CENTER 
COSMO OIL CO LTD 

(72)lnventor : TAWARA KINYA 

IWANAMI HIKOICHI 



(54) THIN TYPE STEAM REFORMING REACTOR 

(57)Abstract: 

PURPOSE: To provide a thin type steam reforming reactor for 
generating a gas contg. hydrogen by the reaction of hydrocarbons or 
alcohols with steam, appropriate as the fuel reformer for the fuel cell 
with hydrocarbons or alcohols as the fuel and capable of being set in a 
small area. 

CONSTITUTION: A plate-fin compartment is set alternately in multiple 
stages to constitute a reaction chamber 1 1 provided with a thin-film 
steam reforming catalyst 1 and a heating chamber 12 furnished with a 
combustion catalyst 2. The thickness of the catalyst 1 and combustion 
catalyst is preferably controlled to 0.2 to 2mm and the thickness of the 
reaction chamber 11 and heating chamber 12 to 0.7 to 4mm. The 
plate-fin compartments can be concentrically set in multiple stages to 
constitute the reactor. 
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l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin shape steam-reforming reactor which constitutes as a reaction chamber possessing the steam- 
reforming catalyst which cast alternately KOMPAMENTO of the shape of a plate put on multiplex in the shape of a 
thin film with the heat chamber, and is characterized by the bird clapper. 

[Claim 2] The thin shape steam-reforming reactor according to claim 1 with which plate-like KOMPAMENTO puts 
multiplex in the shape of a concentric circle cartridge, and is characterized by the bird clapper. 
[Claim 3] The claim 1, the thin shape steam-reforming reactor of two publications which are characterized by the he 
chamber possessing the combustion catalyst cast in the shape of a thin film. 

[Claim 4] The thin shape steam-reforming reactor according to claim 1 to 3 characterized by for the thickness of the 
steam-reforming catalyst cast in the shape of a thin film being 0.2-2mm, and the thickness of a reaction chamber bein 
0.7-4mm. 

[Claim 5] The thin shape steam-reforming reactor according to claim 3 characterized by for the thickness of the 
combustion catalyst cast in the shape of a thin film being 0.2-2mm, and the thickness of a heat chamber being 0.7- 
4mm. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the thin shape steam-reforming reactor which made small installatio 
area and reactor capacity preferably applicable as a fuel reformer for fuel cells which uses a hydrocarbon or alcohols 
fuel especially about the steam-reforming reactor which can perform the reaction which obtains the gas which contai 
hydrogen by the reaction of a hydrocarbon or alcohols, and a steam. 
[0002] 

[Description of the Prior Art] The reactor aiming at performing conventionally the reaction which obtains the gas 
which contains hydrogen by the reaction of a hydrocarbon or alcohols, and a steam put in order the reactor of the 
cylindrical shape filled up with the steam-reforming catalyst into the heating furnace. The reactor of such compositio 
had installation area and large equipment capacity comparatively with few hydrogen yields. Therefore, when 
assembling a small on-site type fuel cell package, it had become the serious obstacle of making the whole package 
small. 

[0003] The interior of the double cylinder of the recent years comparatively big aperture as a means to overcome this 
obstacle was made into the combustion chamber, the steam-reforming reactor filled up with the steam-reforming 
catalyst cast in the shape of a pellet into the portion of a periphery was proposed, and these troubles were improved t 
some extent. However, the point that a big combustion chamber remained in the center was a problem. 
[0004] In JP,62-167203,A, as improvement of this point, the combustion chamber was also made into the shape of a 
rectangle, and the reactor arranged a steam-reforming reaction chamber and by turns was proposed. However, in this 
proposal, since the pellet-like catalyst is used for the steam-reforming portion and the combustion portion, it cannot b 
said that installation area and equipment capacity are small still enough. 

[0005] Also in any of the comparatively big double cylinder formula reactor of aperture with which the above was 
improved, and the reactor (these are hereafter called advanced reactor collectively) which also made the combustion 
chamber the shape of a rectangle and arranged it a steam-reforming reaction chamber and by turns Practical [ the siz 
of the compartment which constitutes the combustion chamber and the steam-reforming reaction chamber ] by the. 
width of face of one compartment, about 20-60mm, it is required and becomes a size with still remarkable installatio 
area and equipment capacity as these whole advanced type reactor. For this reason, advancing a miniaturization furth 
is called for. 
[0006] 

[Objects of the Invention] this invention aims at proposing the steam-reforming reactor which can make width of fac 
of one compartment extremely thinner than the above-mentioned advanced reactor, therefore can make installation a 
and equipment (reactor) capacity sharply smaller than these advanced type reactor in the steam-reforming reactor 
which makes above hydrocarbons or alcohols, and steams react, and makes hydrogen generate. 
[0007] 

[Means for Achieving the Goal] If a steam-reforming catalyst and a combustion catalyst use each catalyst of the shap 
of that it can cast in the shape of a thin film, and these thin films as a result of repeating research wholeheartedly, in 
order that this invention persons may attain the above-mentioned purpose each compartment which constitutes a stea 
reforming room and a combustion chamber (heat chamber) - as a plate-like thin shape - the installation area of a 
steam reactor, and reactor capacity — ****-- it finds out that it can be made small and came to propose the thin shap 
steam-reforming reactor of this invention 

[0008] That is, the thin shape steam-reforming reactor of this invention is constituted as a reaction chamber possessi 
the steam-reforming catalyst which cast alternately KOMPAMENTO of the shape of a plate put on multiplex in the 
shape of a thin film with the heat chamber, and is characterized by the bird clapper. KOMPAMENTO of the shape o 
an above plate may be put on multiplex in the shape of a concentric circle cartridge, and the combustion catalyst cast 
the sh pe of thin film lso to the bove-mentioned he t ch mber m y possess it. Moreover, it is ch r cterized lso 



for the thickness of the steam-reforming catalyst cast in the shape of [ above ] a thin film being 0.2-2mm, for the 
thickness of the combustion catalyst which the thickness of a reaction chamber cast 0.7-4mm and in the shape of a th 
film being 0.2-2mm, and the thickness of a heat chamber being 0.7-4mm. 

[0009] In the reactor of this invention, as a steam-reforming catalyst cast in the shape of a thin film, aluminum 203 a 
Zr02 grade are made into support, a nickel system or a noble-metals system is made into the main active species, an 
the well-known catalyst component which added the third components, such as La, Ba, Ce, and calcium, can use it 
preferably. 

[0010] In order to cast these catalyst components for a thin film-like steam-reforming catalyst, four sorts of followin 
methods are adopted. 

(1) Vacuum deposition method : heat and evaporate a catalyst component to an elevated temperature in a high vacuu 
make this steam collide with a substrate (for example, for it to be the same the followings, such as a stainless steel fo 
make it cool and solidify here, and make it into the shape of a thin film. 

[001 1] (2) Spatter : if an ion beam with kinetic energy dozens of eV or more is irradiated on the front face of a solid 
catalyst component, the atom which exists near the front face of this component acquires a part of kinetic energy wh 
this ion beam has, and is emitted into a vacuum, and this atom will arrive at a substrate front face, and will form a fil 
As this ion beam, inactive substances, such as Ar and Kr, are used and direct-current 2 pole sputtering, direct-current 
bias sputtering, unsymmetrical alternating current sputtering, getter sputtering, RF sputtering, etc. are used as a spatt 
method which generates an ion beam. 

[0012] (3) The chemical method : supply on a substrate the gas of the compound which consists of a catalyst 
component, or a simple substance, and form a desired thin film according to the chemical reaction on the inside of a 
gaseous phase, or the front face of a substrate. 

[0013] (4) Dip painting cloth method : first, flood a substrate with the solution of the support component of the abov 
mentioned catalyst components, apply this support component solution, and bake this paint film in an elevated 
temperature and a short time. This dip painting cloth and printing operation are repeated, it considers as the support 
component film of request thickness, and this film is baked by the elevated temperature and the long time from the 
above. Subsequently, this support component film is made to support the active ingredient of the above-mentioned 
catalyst components, and the third component by the same dip painting cloth method as the case of a support 
component, and it calcinates at an elevated temperature for a long time. 

[0014] The method that the steam-reforming catalyst of the shape of a thin film cast as mentioned above is shown in 
drawing 10 (A) - (C) as a method of holding in a reaction chamber, for example is adopted. By the method of this 
drawing (A), it bends to a wave so that this may be illustrated using the thin spacer (for example, wire gauze) 102 
which can secure the flow of a fluid between the plate-like reaction chamber side attachment wall 100 and the thin 
film-like catalyst 101, and the thin film-like catalyst 101 is inserted with this bent spacer 102 of two sheets, and it 
installs in a reaction chamber. By the method of this drawing (B), the thin film-like catalyst 101 is held in a reaction 
chamber by mincing the slot 103 used as the passage of a fluid on the 100th page of the side attachment wall of a 
reaction chamber, and inserting the thin film-like catalyst 101 by the 100th page of the side attachment wall of a 
portion without this slot 103. By the method of this drawing (C), the thin film-like catalyst 101 is held in a reaction 
chamber by forming much salients 104 in the 100th page of the side attachment wall of a reaction chamber, and 
supporting the thin film-like catalyst 101 by this salient 104. 

[0015] If the meaning which will be made into the shape of a thin film if too not much thick is lost and it is too thin n 
much conversely, since the catalyst effect will not be acquired, the thickness of the steam-reforming catalyst of the 
shape of an above thin film has about about 2-0.2 desirablemm, and its about 1 -0.2mm is the most desirable. The 
thickness (namely, interval of the plate used as the wall of both the sides of a reaction chamber) of a reaction chambe 
Depending on the installation mode into the reaction chamber of about [ that the miniaturization which is one of the 
purposes of this invention cannot be attained if too not much thick ], and a thin film-like steam-reforming catalyst 
Since there is un-arranging [ of some reforming raw materials which pass through the inside of a reaction chamber a 
generating the situation referred to as being unable to contact this catalyst, a reforming reaction rate becoming small 
too not much thin conversely, and productivity falling ], It is necessary to specifically make it about about 4-0.7mm, 
and about about 1-1. 8mm is [ about about 0.5-2mm of thickness pluses of a catalyst ] desirable practical. 
[0016] The reaction chamber equipped with the steam -reforming catalyst of the shape of an above thin film and a he 
chamber divide with the septum (it is the same the thing of the plate used as the wall of both the sides of the above- 
mentioned reaction chamber, and the following) of one sheet, and carrying out in the direction of a counterflow is [ t 
raw material of the steam-reforming reaction in a reaction chamber and the flow of a resultant, and the flow of the hi 
temperature fluid in a heat chamber ] desirable in respect of reaction efficiency and thermal efficiency. 
[0017] By the way, in the reactor of this invention, heat required for a steam-reforming reaction obtains the inside of 
heat chamber by the flowing high-temperature fluid. The elevated-temperature gas which fuel was burned and was 



obtained as this high-temperature fluid in the combustion chamber prepared independently can also be used, and the 
combustion gas which direct fuel was burned and was obtained within the heat chamber can also be used. When usin 
the reactor of this invention combining a fuel cell, the hydrogen residual gas discharged from a fuel cell can be 
introduced into a heat chamber, and what this was burned as fuel and obtained it can also be used. 
[0018] Thus, when burning fuel within a heat chamber, it is desirable to make a combustion catalyst provide in a hea 
chamber. As this combustion catalyst, ceramics, such as an alumina, silicon carbide, and silicon nitride, are made int 
support, and the well-known catalyst component which made noble metals support can be used. Although what was 
cast in the shape of a pellet as usual can also be used for these combustion catalysts, it is desirable to use what was c 
in the shape of a thin film like the above-mentioned steam-reforming catalyst when the reactor of this invention is 
miniaturized further. 

[0019] In order to cast these for a thin film-like combustion catalyst, the molding method of the above-mentioned thi 
film-like steam-reforming catalyst and the same method can be adopted, and the method of holding the thin film-like 
steam -reforming catalyst which also described above the method of holding a thin film-like combustion catalyst in a 
heat chamber in a reaction chamber, and the same method are adopted. And the width of face of the heat chamber in 
case of using the thickness of the combustion catalyst cast in the shape of a thin film and this thin film-like catalyst i 
good by the same thickness and same width of face by the same reason as the thickness of the steam-reforming catal 
of the shape of an above-mentioned thin film, and the width of face of a reaction chamber. 
[0020] Furthermore, in the reactor of this invention, the reaction chamber and heat chamber possessing the steam- 
reforming catalyst of the shape of an above thin film can also be constituted in piles in multiplex in the shape of a 
concentric circle cartridge. At this time, a thin film-like combustion catalyst can be provided also in a heat chamber. 
[0021] In addition, in the reactor of this invention, the heat exchange of the reaction generation gas taken out from a 
reaction chamber, and gas and the combustion gas which are discharged from a heat chamber and which carried out 
temperature reduction can be carried out to a steam -reforming raw material, a combustion air, and fuel gas by 
respectively well-known technique, and they can strive for improvement in thermal efficiency. 
[0022] Moreover, the raw material of the steam-reforming reaction which can be used with the reactor of this inventi 
does not interfere from well-known raw materials, such as a hydrocarbon of C1-C4, a hydrocarbon of naphtha LGT 
oil, alcohol of C1-C4, and alcohol beyond C5. Furthermore, as for the conditions of the steam -reforming reaction in 
reactor of this invention, it is desirable to be referred to as the temperature of about 600-900 degrees C, pressure abo 
0.5 to 15 kg/cm2 (absolute pressure), LHSV abbreviation 0.5-6h-l, and S (steam)/C (carbon) (mole ratio) about 2-5 
general. 
[0023] 

[Function] Although the speed of a steam-reforming reaction itself is very early, since a steam-reforming reaction is 
very big endothermic reaction, the substantial reaction rate has brought a result restricted with rate of heat transfer. 
Until now, as a remedy of heat transfer area, although to improve the coil of plate form was also tried, it was 
inadequate. [ of just it ] 

[0024] That is, the coil of plate form tended to be filled up with the conventional pellet-like molding catalyst, the 
reaction chamber tended to be constituted, thickness of this reaction chamber tended to be made thin, and it was goin 
to increase the heat transfer area per unit catalyst. However, on the relation of the pressure loss of a reaction floor, as 
for pellet size, about 3mm was a limitation, therefore about 10mm also of the thickness of a reaction chamber was a 
limit. And since the flow of the atmosphere in a reaction chamber passed along the gap of a pellet catalyst, the flow i 
the laminar-film portion in the wall of a reaction chamber became bad, and it had become the obstacle of heat transfe 
[0025] On the other hand, since what was cast by the reactor of this invention in the shape of a thin film as a steam- 
reforming catalyst is used, compared with the case where the catalyst of the shape of a conventional pellet is used, 
thickness (interval of a plate) of a reaction chamber can be made very small, and the problem of the above-mentione 
heat transfer area can be solved. That is, since a thin film-like steam-reforming catalyst is used, while pressure loss 
does not arise but being able to narrow a plate interval, the flow of the atmosphere in the laminar-film portion in the 
plate section becomes good, and the thermal resistance in this portion does not arise. And a thin film-like steam- 
reforming catalyst extends the heat transfer area of the catalyst itself. 

[0026] By these, rate of heat transfer is improved in the reactor of this invention, and a reaction more nearly high-spe 
than the case where the catalyst of the shape of a conventional pellet is used is attained, and it decreases more sharpl 
than the case where installation area and reactor capacity use the catalyst of the shape of a conventional pellet as this 
result. 

[0027] For example, if about 1mm is made to the thickness of the steam-reforming catalyst and combustion catalyst 
which were cast in the shape of a thin film, respectively, about 2mm of the thickness of a reaction chamber and a hea 
chamber is enough respectively, if the size of each of both these loculus in every direction is set to about 600mm, 
respectively - about - for the fuel cells of about 50 kw(s), it becomes the inside dimension of about 87mm except fo 



heat insulator by the reaction chamber and the heat chamber In the case of the conventional diameter of macrostomia 
double cylinder method in this scale, it becomes the diameter of about 500mm, and a length of about 1000mm with 
inside dimension, and about 1/becomes 3 in about 1/6 and installation area by the reactor of this invention with the 
reactor (equipment) capacity of this conventional diameter of macrostomia double cylinder method, moreover, the ca 
where put plate-like KOMPAMENTO (namely, an above-mentioned reaction chamber and an above-mentioned heat 
chamber) on multiplex in the shape of a concentric circle cartridge, and the reactor of this invention is constituted - 
setting - the object for the fuel cells of about 50 kw(s) - it is - the diameter of about 217mm, and a height of about 
900mm - becoming — the reactor (equipment) capacity of the above-mentioned conventional diameter of macrostom 
double cylinder method - or more about 1 / 6, and installation area - about - it is set 
[0028] 

[Example] Drawing 1 is an external view for explaining the fundamental composition of the reactor of this invention 
and drawing 2 is the cross section of drawing 1 . The reactor of this invention shown in drawing 1 has the reaction 
chamber 1 1 where the catalyst was stored, and composition which sandwiched the both sides by the heat chamber 12 
The size of the reaction chamber 1 1 of this reactor, and a heat chamber 12 It is 45mmx40mmx2mm. inside a reaction 
chamber 1 1 As shown in drawing 2 , it is a thin film-like steam-reforming catalyst (it is what was formed by the dip 
painting cloth method). In the Ni015wt% and K205wt% thing, support is installed in thickness. 250micrometer» p 
the amount of aluminum203 «generation of 0.8677g, and one side for use (the thickness of a spacer is included and 
the whole thickness is 1mm) 1, and the active metal is mostly installed in the center. Installation into the reaction 
chamber 1 1 of this catalyst 1 is based on a method like drawing 10 (A) - (C) mentioned above. In addition, the metho 
of drawing 10 (A) was adopted in this example. 

[0029] Reforming the raw material (the hydrocarbon or the alcohols, and steam) introduced from the line 3 are suppl 
to the both sides of the thin film-like steam-reforming catalyst 1 of the reaction chamber 1 1 above-mentioned interio 
and a reaction is performed on them. The gas after a reaction is taken out from a line 5. 

[0030] Heat required for the above-mentioned reaction is supplied through a septum 7 from the heat chamber 12 
currently installed in the both sides of a reaction chamber 1 1 . That is, in this example, hot gas is introduced into a he 
chamber 12 from a line 10, and the heat of this gas is supplied to a reaction chamber 1 1 through a septum 7. The 
lowered gas is discharged from a line 6. Thus, the flow of the reforming raw material in a reaction chamber 1 1 and th 
flow of the hot gas in a heat chamber 12 serve as the direction of a counterflow. In addition, the heat insulator is give 
to the outside (namely, outside of the reactor of this invention) of a heat chamber 12 although illustration is omitted. 
[003 1] In the above-mentioned example, the increase in reaction capacity can be easily performed by extending 
KOMPAMENTO of a heat chamber 12 and a reaction chamber 11. 

[0032] The reactor of this invention constituted as mentioned above was used, using the lamp oil (0.18 ppm of sulfur 
contents) and the steam which were enough desulfiirized as a reforming raw material introduced from a line 3, hot 
combustion gas (obtained gas which was burned with another combustion facility) was introduced into the heat 
chamber 12 from the line 10 so that the outlet temperature (temperature of reformed gas «hydrogen content gas» 
taken out from a line 5) of a reaction chamber 1 1 might be kept at 800 degrees C, and the reforming reaction was 
performed. The result of this reaction is shown in Table 1 . 

[0033] Moreover, the result which performed the reforming reaction is shown in Table 2, using as a reforming raw 
material the lamp oil (0.18 ppm of sulfur contents) and steam which were desulfurized enough, and keeping reaction 
chamber outlet temperature at 800 degrees C with the cylinder-like reactor filled up with the conventional granular 
catalyst (what makes support 2O3«0.8677g [ of aluminum ]», and makes an active metal Ni015wt% and K205w 
is used) for comparison. 
[0034] 
[Table 1] 
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[0035] 
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[0036] The reactor of this invention was functioning similarly, in spite of having been 4.6 times the reaction raw 
material feeding speed of this compared with the reactor filled up with the conventional pellet-like steam-reforming 
catalyst, and when the conventional reactor using the pellet-like steam-reforming catalyst was raised to a reaction raw 
material feeding speed of the same grade as the reactor of this invention and it went, the fall of a reaction rate was se 
so that clearly from Table 1 and Table 2. It is proved that it can miniaturize by this more sharply [ according to the 
reactor of this invention ] than the reactor filled up with the conventional pellet-like steam-reforming catalyst. 
[0037] Drawing 3 (external view) and drawing 4 (cross section), drawing 5 (cross section), and drawing 6 (cross 
section) are drawings showing each of other example of the reactor of this invention, and show the case where a thin 
film-like combustion catalyst is installed also in the interior of a heat chamber 12, in these examples. 
[0038] In the example shown in drawing 3 , it consists of seven KOMPAMENTO and the heat chamber 12 and the 
reaction chamber 1 1 are arranged by turns, it is the cross section of drawing 3 , and the combustion catalyst 2 cast in 
the shape of a thin film is installed in the center of the interior of a heat chamber 12, and eight fuel feeding pipes 8 ar 
horizontally arranged in the heat-chamber 12 interior, and drawing 4 is shown in drawing 8 which is the a-b line cros 
section of drawing 3 at a fuel feeding pipe 8 - as - many nozzles - a hole 9 prepares - having --****- this nozzle 
the fuel introduced from the line 4 with the hole 9 is careful to the thin film-like combustion catalyst 2 enough In 
addition, as shown in drawing 5 , the above fuel feeding pipes do not need to be arranged by the heat chamber 12. th 
exhaust gas of a heat chamber 12 - drawing 4 and drawing 5 - in any case, it is discharged from a line 6 moreover, 
heat chamber 12 and a reaction chamber 1 1 ~ drawing 4 and drawing 5 - it is divided by the septum 7 like the exam 
which showed drawing 1 and drawing 2 in any case 



[0039] When combining with a fuel cell the reactor shown in drawing 4 - drawing 5 , the hydrogen residual gas 
discharged from a fuel cell can also be used as fuel. In addition, supply of the reforming raw material in the example 
shown in drawing 4 - drawing 5 and the ejection of the reformed gas after a reforming reaction are the same as the 
example shown in drawing 1 and drawing 2 . 

[0040] Drawing 6 shows the example which changed the installation position and installation quantity of the thin film 
like combustion catalyst 2 and the thin film-like steam-reforming catalyst 1 which are installed in the interior of each 
[ of the heat chamber 12 in drawing 4 , and a reaction chamber 11]. That is, in the example of drawing 6 , the steam 
reforming catalyst 1 cast in total by each of the side which faces the interior of the reaction chamber 1 1 of four and t 
septum 7 in the shape of a thin film in the combustion catalyst 2 cast by each of the side which faces the interior of th 
heat chamber 12 of a septum 7 in the shape of a thin film is installed in the two sum totals. And four fuel feeding pip 
8 are arranged in the center of the interior of a heat chamber 12, and the fuel introduced from the line 4 shown in 
drawing 8 like the case where it is drawing 4 is supplied to the combustion catalyst 2 from this supply pipe 8, and 
serves as hot heating gas by the catalyzed combustion. In addition, as shown in drawing 7 , the above fiiel feeding pi 
do not need to be arranged by the heat chamber 12. 

[0041] Moreover, thin film-like the steam-reforming catalyst 1 and the combustion catalyst 2 are installed in right-an 
left both sides of the inside wall surface of a reaction chamber 1 1 and a combustion chamber 12 in the example show 
in drawing 6 - drawing 7 . Of course, although it can install only in the wall surface which is one side either, it is 
desirable to prepare in right-and-left both sides from thermal balance. As well as the case of drawing 3 - drawing 4 
when combining with a fuel cell the reactor shown in drawing 6 - drawing 7 , the hydrogen residual gas discharged 
from a fuel cell can be used as fuel. In addition, also in the example shown in drawing 6 - drawing 7 , supply of a 
reforming raw material and the ejection of the reformed gas after a reforming reaction are the same as the example 
shown in drawing 1 and drawing 2 . 

[0042] Drawing 9 is what showed one example at the time of constituting plate-like KOMPAMENTO for the reactor 
this invention in piles in multiplex in the shape of a concentric circle cartridge, and (A) is explanatory drawing in wh 
an external view and (B) show the A-B line cross section of (A), and (C) shows the anchoring mode of piping for 
introduction and extraction of a raw material etc. The plate which constitutes the side attachment wall of the reaction 
chamber 1 1 which installed mostly in the center the thin film-like steam-reforming catalyst 1 held to the reticulated 
spacer of the mode shown in drawing 2 from this example, The plate (these plates serve as the septum 7 of a reaction 
chamber 1 1 and a heat chamber 12) which constitutes the side attachment wall of a heat chamber 12 Bending so that 
may become cylindrical shape-like, it is what constituted the reactor of this invention for the plate of the shape of the 
cylindrical shape in piles in the shape of a concentric circle, and the same sign as drawing 1 - drawing 2 shows the 
same function part as drawing 1 - drawing 2 among drawing 9 . Moreover, although illustration is omitted, it cannot 
overemphasized that a thing as shown in drawing 3 -8 which also made the heat chamber 12 possess the thin film-lik 
combustion catalyst 2 can be constituted in the shape of [ as shown in drawing 9 ] a concentric circle cartridge. 
[0043] 

[Effect of the Invention] According to the reactor of this invention, as explained in full detail above, as compared wi 
the steam-reforming reactor which uses pellet-like a conventional steam-reforming catalyst and a conventional 
combustion catalyst, it can realize, and reactor capacity and installation area are very small, and a large miniaturizati 
can be carried out. Therefore, it can apply preferably as a fuel reformer for fuel cells which uses a hydrocarbon or 
alcohols as fuel, and a small on-site type fuel cell package can put in practical use easily. And if the thin film-like 
combustion catalyst is made to provide also in a heat chamber at this time, the discharge fuel hydrogen residual gas 
from a fuel cell can be introduced into a heat chamber, the heat which this is burned as fuel and obtained can also be 
supplied to a steam-reforming reaction, and an improvement of thermal efficiency can also be aimed at. 
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(57) [fS»] 

mMtmityXt/mmm^m^o. 2-2 mm 

T. RJSSl l&XVtiimmi 2<7>ff*li0. 7~4m 
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mmnmtMffithmmk LxmjSLtx%izt 
mtx^hztzimtt&wmmi . 2tm<om. 

tfO. 2-2mrat, j&>oRJS£<0ff*#0. 7~4m 

mx$> zzt mmt^m^m i ~ 3 mawimxm 
immi mmftizmttemimmmx-tfo. 

2—2 mmX\ fr^MfrM&WX.tfO . 7~4mmTj> 

h z t zmit?zmm33m0m*m&ismBi]& 

[0001] 

imm±<ommmi ^it^mttdtTJua 
~>mt*m<t<?>%&<,z£ o**£^rra#.x£# 

iz. %{tm*t:\tT)vzi-m£imk-rzimwb 
mmmmmt txm L<?m-tzz tcoxt 

®MKmizmt&. 
[0002] 

T>n-mt*%mk<r>Kmz£ *)*m*istthif 

xtn&Bu&mozttmkitzRmmii. 

F<n*izmmi®m&ttmit:Pim&<?)%j£&s:£ 

mEM.<7yj?%^b*)iz. mmmma ± vmmmitf** 

zm*$.x&tztz. rtvir-i/-£fti>\mz-t&zt 

0>*;%%mtz%r>x^tz. 

[ooo3] zwfmimvmt&^mtix. 

cr^mz^u v hmzfmifcmm.mimz3tmi 

&mm.&ziifc. u>>u *<7)tt»Mz*zttmm# 
mz&tFmx'h'itz. 

[0 0 04] ^BS6 2-1 67 2 0 3-9£4I££VyC 

z<r)&<oiSi&tLx. mmt>immzL. *.m* 
&®K$mtttizm\LtzBijsgm t mi2titi. i 
*»u zmguzti^xh. ^uvm<nfmtf*M& 
&mfttmmmtizmztix^&t:ib. mm 

$mmiikhiz£f<+tt&b2^tizmz.&\ 
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[0005] ±m<v&&ztv£&mtkz%a&<7)zm 

t3mtz&MVt:W&3m (OT. Ztit>Z*tt»X& 

m^smmbso ) w-ftuztmxt. mma* 

~mayrt-hxyh0mxmmmiz\t2 
o~6 0mmSig{i^T*>o. zK^mkm&m. 
£&tbxte. mrnm, mmmti>iz£tzi)W7> 
±zziz%&. iofcto. z$>iz>mfc&m#>hzttf 

10 %ibt>ti&. 
[0006] 

*^eSt©SJEStci5^T. -r><r)nyn-y*yy<n 

mimomimwsmw. x o t>ffisg(^< -th z t » 
t*. u^xmmmm. mm mm) gmtuz. z 

[0007] 

m&£vmmmmmRizimtz> z t **t# a - 
w£&m&ki>iz&<>isz<-rzztcoTZ&zt 

[0008] -«r;b^ *&^&S*^$frKJ5g& 

m&m &%j&mk vxnmLx%& z t zmmt-t 
t. ±M<D7\s-hVi<r>3yj*-*yhii. mwmm 
mz§.mtzm.ht>tix^xi>£<. is&tmgnzh. 
mmiz^Ltemmm&mztix^xi>£\,\ t 

0. 2~2mmT\ ^KiBSOff^O. 7— 4m 
m. ?I§t#fcJftM Ltz®®$mr>mX-1r 0 . 2~2 mm 
T, *>Olnll!lSOiWii*i0. 7~4mm-CASC:i:S:t 

40 #at-rs. 

[0009] *^BBORjE3SfcfcV^Ts »IS«fcJSM$ 
UT«, A 1 2 0 3 . Z r O2 ^ 

L. La. Ba, Ce, C a3S<DgQfc&£ JUXTti^ 

[0010] zn^cowitmzm®fc<?>?mmmm 

( 1 ) M^mmm asmg#x. nmmtrtrntzism 
50 LXM3&Z-&. tm^zms. mm. x^yvxm 
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armt) fc«es*, zzxft® ■ «hs*t« 

[00 11] (2) ^y^ffi:a+eVjJLh<OilS6x 

[0012] ( 3 ) ftwa : mm*»frt>z:&tt& 

[0013] (4)mmmm:!fcf. ms&±M<m 

mmftt. zcowmzmiSi, imfflximv&. z<r> 
mwm&ts xvmmmmm <omLxmmm*<mft 

z>. acwc. w&msmiz. ±m<omm$tt<?)o*><?> 

mzx offi#3-tf\ ©ia-cjysiSMjK-rs. 
[ooi4] uBcoi o iz Lxsmzti&fmvico?m 
mmfmzsu&mwzm-r&imt mt 

01 o (a) ~~ (o tz^txo^-mfmm^ti 
h. wm (a) ayymx\t. tu-mj^os^mio 
o fc?sffistttt& loi cmiz%.i&>mnm&xz m 

VVVt— ■ 9-- mz-\£$M) 10 2£JBik 

—9-- 1 o 2xmmm i o i *&a,x, Km&mz 
imth. mm(B) <oimxit. %j&m.<wmi o o 

mizfcWff)%3%t %m 1 0 3 £ JH*. zcom 1 0 3« 

iiv^wfflSM i o oMistttfltJi i o i &mz t 
fcj: o . i o 1 *&u6m.ftizvffi-t&. mm 

(C) O^TIi. aEScOMSl OOMt^WggS 
104£H<t. f£S^104TiS§t«M«10 1££ft 
•T & i iz X *) . SKttMSE 1 0 1 SrKK^rt tft^-T 

[0015] ±E^K«^*l^iS€tt«Wff*Ji, 
2mm;gjg##£L<. #1~0. 2mmmHL. 

Am^&Mms^miim^^M^mmtizx -> t 
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£ftWfcJi#4~0 . 7mmg££-r6£S#J> 0 . H 
[0016] ±ie^K«^*^e5l®ltt«5rfili.^R 

10 [ 0 0 1 7 ] i: £ -5 1\ *&<U!<DRja£T«. 

&zti>x'Z&. mmmtm*&i*tx*mic?>&jti 
[ooi8] o ^ Mmnximi:®m2iiz> 

jaai. mttmmiz^ybmz^MLtihmmit 
iz\t t,-c§ s* 1 . ±E<o*simi5fc®tt!jaEt Piat^ig 
mztfm t o^ffiffl-r s i t *^?3^Rf5S5r 

[0019] zti^£mmK<?>mffimizfm-f&tz 

30 umimmx-z. mmx<mmM*mmfttz$m-r 
&nmi>. iMLtimmtmrnmimzzatimmz 

mmsmm^i5Xx/Km^<7Mtmm<m^izx *)mm 

[ 0 0 2 0 ] $ *^coR*5St:fcV^tt. ±E 

40 Jl^Ct>SIS«^e9Sj^ 

[0021] &*s. *f6BB^Rf5*stfc^T. RiS^*» 

imix. m>m<r)fo±.iz^bit>z>z\tij ( TZ&. 

[ 0 0 2 2 ] *fgW^)RiB»-Cffifflt-& ifc#T' 
#5*^i»®R*S<0ISfiti. C i ~C 4 <0^<bK^, 
^7^*mMl^MbK*. Ci ~C 4 <r)7fla-tl. C 
50 5 JJUb<OT;k3-;H|c7)^ji<7)lS^T'IILi^^V^ $ 
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It. mh. Wm6 00-90 0*C. EJj&O. 5-1 
5Kg/cm2 (tfij^E) , LHSVjftO. 5~6h 

- 1 . s (*gs§o /c (m) wit) m-5t 

[0023] 

h^cDS£^£&&-f6 i fc i>U*e>titztf. 
ZtUiVXlXF+ftXh^iz. 

[0024] -r&*>*>. rv- ym&<nim i gi.zimcr> 

ZotLiz. U>>U U&mnfrhW&nm&iL. 

■y MM X« 3 m mgg*<K#T£> 0 » -5-<0**>»ES 

oa^tlOmmC^V^^-CS)-?^. U>»t>. KJS 

[0025] £*u=»u *^a^Ri5S5-e{±. 

tuz.-ru-h mzm& mmftx-otfxwnwx 
vrntz^x. mffifTnm&mfiZii*^. t& 

[0026] zti^zx*). *m&>BLft*&?tt. e& 

[0027] mitt . jg&ttfcl^LfcykS^&fri^ 
fc^«Mfc<oe*£*ii-f 1 mmfcftJUWUf . 

*ltf>6 0 0mmfc-fSfc. ##5 0 kw(WmWmiZ 

it. mmx. mmtm^x. TO8 7m 

C0*&£\ lWlg«5 0 0mm s fi3fil000mra 

ffitt&frjm (mm m.xibi/6. mmmmx^ 

l/3t%Z>. Hz. T\s-Y#.<r)n>rt-*>Y (f 
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xit. moicvrcmmwmx. mmj2 1 7mm. 

K£ft9 0 0mmk&>,. ±IS<7)(flf*^PgZMni§r 
[0028] 

rani mut&micom&(?mm%®f8.*:mw 
-r&tubcowmxh*). 020:0 i<D»ffi0-e*>s. 
0 1 i,zif;-f*m\ofcis%ii. mmmt^tiTzSMim. 

1 1 fctOPfHftHK&l 2T&/W:fl§j£K5:o-C^ 
10 6. ^RI5^0RJ!5S1 liJJW^l 2?)*£3 
{J. 45mmX40mmX2mmtfc l 3. RJ5S1 ltf> 

(iia^&SjKJ: O^JiJt^il^tcOT. fitttfA 1 2 O 
3 i&j8M0. 8677g. £-ffl3Jt9<DJ?*2 5 0;u 
m>. Stt^S* i Ni015wt%fcJ:tJfK2 0 5wt 

Stflmm) 1#. HHr«WWcaB3*lTVii. Z\<m 

mnRfc&i lft^wmt. laatJtaio (a> 
~(o <7>£o%iimiz£&. #w-ete0i 0 
20 (A)<o2ri6£«fflU:. 

[0029] Jewries i i rta5<7«istt*^ej© 

T, W&WfifrlXh. WJmf^fMt. vAV^frLM 

[0030] ±M(?>Kl£iz>mzmt. RiSSl iwpi 
ffltr^S^^T^^MaSl 2 J; 0. HM7^ig7:fifc*& 

-r^^>. &a^x*«7>f vio 

*^MftSl 2tc^A$ix. iWfx<^itfplSS7^T 
30 Klfcgl lfcfl»&$ti.S. K^SL^Xti. 5>f y6fr 
L>m$i2ti&. icoidt. RKMl lrtcoiK@l^ko 
SDh.fc. Jnl»Sl 2rt»^iaco>yx<og£MJi. [6iaar|6i 

m*r)&&n<7>9\-M) ut. a^ti^-rs^. 

[0031] imnmmmxit. mmi 2t>it^raE 
si i<r>a>'*-*>h*mm-i>ztiz£'). 

[0032] tLbcoJ: o &m$&ixh*m\<r>$ss*}!s* 

40 ffiffl =7* >3tpt>mxt&®mmb vx-ntm®. 
ztititm (est^-o. i8p P m) t*%m&m\.\ 

frg&l l^tHPfflS (7>f >5*^lX0tti$fLSK« 
#x <*^^W^X> oag) S: 8 0 0t:(c»oJ: o iz 

tmmi 2iz&i§,com&fx (mmm.mxim^ 

r>tz. z\<nm#M&*$ii\z5F.-t. 

[ o o 3 3 1 * tz. m&tzihiiz. m&wmm ( A 

I2O3 <0. 8677g>Srfi^L. Ni015w 
t%HiX/K2 0 5wt%^tt^t-ri»t»^5rffi 

50 m) zmLtzprnmamizt +ttm&2ixfzff 
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[0035] 





8 00 (V) 




8. 2 (kg/cm 2 ) 


LHVS 


4. 6 (h _1 ) 


s/c 


4. 0 (mo 1/mo 1) 








H 2 


6 9. 9 (vo 1%) 




CO 


11. 5 (vol%) 




CH 4 


2. 2 (vol 96) 




CO 0 


16. 4 (vo 1%) 






*20$8 [*?2] 






80 0 CC) 








8. 2 (kg/cm 2 ) 






LHVS 


1. 0 (h -1 ) 






S/C 


4. 0 (mo 1/mo 1) 














H 2 


6 9. 9 (vo 1%) 






CO 


11. 7 (vo 1 96) 






CH 4 


2. 3 (vo 196) 






co 2 


16. 1 (vo I 96) 





[0036] fU. m2fri>WL>fr% X dfc. *l&BBtf> * [OO38J@3fcij^-0rro. 70«3^Wyh 



mt>?m®£im lx a o . *<v h^i^amMss 40 
[0037] 03 (mm) &xvm4 (BtE0) . 0 

5 (BriBH) . H 6 (HrBi0) Ji. *f6HJi<ORlEg3tf>fl!l 



1 2^ra+*t^Igtttl^$n^«J«jB!«2^mB 
S*U *^MlSl2rtaJW±8*^!!mtt*^8*i7K 

05fcScf idfc, Dili 2fcli, ± 
f&l 2atttf:*& 04. 05Wf*uO*§£i>. 

>6A^tBs<xs. mmi 2fcKlfcgl 1 

»i. 04, 05vvf*io*§£k. 01, 02£jj*Lrt:0! 
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[0 0 3 9] H4~H5tc*-rRi5S^jBm«Jfitiffl^ 

#AW)mu±* hi. m2<,z7jkLt:mkmiTh 
[ o o 4 o 1 06 a. 04 izmz mm 1 2 1 K&m 
^<a®«« 1 <nwm.m.a xvuzm&z&iizMZ 

1 2<OrtS?tclSl,TV^ffi!l<0-5-<l-fiitSKKt)SSS 
^^8154*82 Sr^fl-C4o. |llliM7tf)KJEgl 1(0 

2corta5+ifefc:4*^«mfia^8*>'E^i$^ 

zmmmk®8i>>bmm!&2izi*t!j2ti. mmn 
mtz£*)n&<7)tomtrzt%h. muzfKtxo 
tz. tin 2Wi. ±M<oxo^mm^mmm 

tlX\^j:<Xi>£\,\ 

[oo4i]^^. mm£<o*%m&nmt 1 axvm 
mm2i^ m6-m7iz^-rmxte. susmi 
vmm.i2cr>tomm<r>iEtifmizm.mLx^&. t, 
^i™*frmcn>mffii l z(D?t-%st?>j;otz~r& 
ztt>xzh&. mty<yyxfrt>i£E&mfiizmv& 

ZbifiMtl^\ 06-07 lZ5fct&&$k£timm&t 
m*-£b1thtg&i>. 03~04c7)^i:Nttt. m 

ZkifiX^h. 06-07 £5jcffiWcfcVvCt>. 

a. 0i, m2nz^Ltzmtntxhi>. 

[0 04 2] 09J±. *ffeBHtf>KJB8§£. TV-MfcO 

3 yn-* yht m>m®Bmz&nizmtixmi8. tfz 

(B) (A) <^)A— Bt8BfBS0x ( C ) 

a • Kajo^i6<oii'g<o]R#»t®ai&^-rittBH0Tfc 
m^mm-hrv—v (ztit>cr)Tu-hw%&mi 1 

fcMfeSl2t<0fia7fc^S) PMJ£Kfc3:6 

ttfcT. *WmWJ&&*ntiLLtz1*<r>X. 09*. 0 
l~02i:P-»-f-{i. 01~02fc^-atgg|5?:*L 

#<mm&2*mzitrzm3-8£7f?txd%i><r) 



6) ^1^5-1 55602 

1 0 

£ . 09 iz^tx d zmwrnmrnzmtfLi-i ztwx 

[0043] 

imi-&mt*mws&izimix. xmmfc 
t$mt& zttfxz . %jt$mm. mmmrnt t 
it>x>i^<-r?>c\tWT£&. mvmitizii 

io LxmL<mm?izkw?z. >mxw4 hwn 
mm&'*v!r-i;wm%izmmtTZ&. i&i>. zco 
tz. mMmzmmmfflmtmz-txm 

au ztizvmk tximzitxmtihf&zxm. 
ammtnzm^-ti> z t *>t# . mmmm^ t>m& 

[01 ] *wm%j&%s<7y-m!&m *• mtt h tz^<m 
wmxhz. 
20 [02] miwmmxhh. 

[03 ] *m\cr)^ ! mm<mimzwm-t&izit><r) 
mmx-bh. 

[04] 03iOBfSB0T-*6. 

[05] mAff^m^mm-hizffmmxhh. 
[06] m4<m<v$&mzmm-htztb0)mvbh. 
[07 ] mb<m<ry$&mzmw^htzih<n>mx'S>h. 
[ 08 ] 0 4 tj ixm 6 iz^tmcofmrncom^^KDm 

. BB0Tx 03fDa-bfiWffl0Tj>6. 
[09 1 *f|H&OKJ53S?>$ ^tfficOltSSM^UiW-S 
30 izibnmT. (A){±*|«0. (B)«(A)WA-B 
miffim. (C) tJS«^^A - JRifJcofcWxoffifO 

[0i o] £?i!ii*yrt$^^£rt'v?>#ft 

WS:*-t0T*&. 
[flr^WiiBB] 
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mmmmm 


3 




4 
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[01] [02] [03] [04] 




